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Many people assume the truth of the following statements 
about Colorado water:
o Water supplies are overtaxed and inadequate.
o Consumptive demand for water will grow steadily in 
the future.
o Traditional solutions and institutions that were 
adequate in the past can solve our future water 
problems.
While there is some truth to each of the assumptions, they 
need to be critically examined. Perceptions of Colorado's future 
water problems have been distorted because many people deny 
essential facts. Accordingly, the range of possible solutions 
has been severely confined. There 1s a tendency to underestimate 
Colorado's water supply and to overestimate future consumptive 
demand. This syndrome inflates the magnitude of water supply 
problems and ignores the breadth of the water concerns that 
actually beset the state. In short, our future vision about 
Colorado water issues is clouded by questionable assumptions. My 
objective is to examine future Colorado water issues broadly, 
unencumbered with traditional assumptions or typical political 
restraints.
I begin with an overview of natural water supply 1n 
Colorado. Then I turn to the Information that we have about 
future demand, indulging 1n some prognostication about the 
likelihood of those demands materializing. Finally, I discuss 
the water issues that are raised as Colorado aims to satisfy 
foreseeable demands. Projections of supply and demand are aimed 
at the year 2000. They are based primarily on an unpublished
draft study prepared in 1981 by the Colorado Department of 
Natural Resources.1
A number of inescapable conclusions emerge. It is apparent 
that statewide water supplies, even as limited by legal 
obligations to other states, are so abundant that they should not 
constrain meeting water needs for the foreseeable future. The 
most likely scenario has Colorado's future growth in water demand 
concentrated on the already heavily populated front range, with 
relatively modest new demands for water in energy production 
possible on the west slope. The most significant, ignored, and 
fundamental competing demand will be for maintaining instream 
flows in rivers throughout the state. The need is rooted in the 
economics of a burgeoning tourism and recreation industry as well 
as in the psyches of those who are lured to locate their families 
and businesses in Colorado by its magnificent natural beauty. 
Although state policy may dictate otherwise, there is no need for 
more water for agriculture; indeed, market forces can and will 
move large quantities of water from agriculture to municipal uses.
I believe that addressing our future needs requires an 
emphasis on capital formation, technology, institutional change, 
and better public education and understanding. Capital needs are 
different in kind from those traditionally discussed. They are 
mostly for low visibility improvements through our statewide 
system for water storage, diversion, distribution, and use. Only 
a few major projects can be justified, and those are "needed"
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largely to expand municipal water supply systems to satisfy 
demands of growth and for luxuries such as exotic suburban 
landscaping.
The lowest cost and most successful means of meeting our 
greatest future water demands - municipal supply and instream 
flows -- is through better water management. Technology can 
reveal new, easier and cheaper ways to manage the resource. The 
greatest need, however, 1s for institutional change. Obstacles 
to smooth the operation of water markets, including Colorado's 
water court system, inhibit wise use of renewable water supplies. 
Government has a proper role in coordinating and aiding private 
arrangements, and in planning for wise water development and use. 
Its role reflects the public interest; individual decisionmaking 
often gives insufficient value to social or intergenerational 
concerns (e.g., 1n defining appropriate levels of Instream flows, 
setting goals for use of non-renewable groundwater, promoting 
basinwide cooperation 1n water management, etc.).
Our public policy agenda should be built on changing firmly 
held assumptions about the nature of water problems and pre­
conceived notions about the solutions. It should seek widespread 
changes in how water is managed (such as asking senior appropri- 
ators to cooperate with juniors and asking water users to refrain 
from overirrigation of crops and lawns). To carry out the agenda 
requires a revolution in public understanding. A tradition of 
shibboleths and deference to "experts" must be broken.
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NATURAL MATER SUPPLY
The Rocky Mountains collect snowpack which yields tremendous 
amounts of water. The Colorado high country gives rise to the 
headwaters of mainstems or tributaries to the Missouri River, the 
Arkansas River, the Rio Grande, and the Colorado River - all of 
the West's major river systems except the Columbia. In addition, 
there are, in parts of the state, large deposits of nontributary 
groundwater (hydrological1y separate from surface water).
Copious supplies do not necessarily mean that water is 
available when and where it is needed. There are great 
fluctuations in the annual water supply because of variations in 
natural precipitation. Natural cycles in water supply may be 
cushioned by storage facilities. Reservoirs provide water users 
with carryover capacity, changing once-destructive floods into 
drought insurance. In addition, while statewide water supplies 
are far more than current depletions, regional supplies may be 
inadequate, forcing a dependence on transbasin imports. Table 1 
illustrates the magnitude of Colorado's surface water supplies
and depletions, but it does not necessarily show amounts of water
2
that are available for use in Colorado.
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TABLE 1
Colo rado  Average Annual Wate r  Suppl i e s  and D e p le t i o n s
1979 C o n d i t i o n s  of  Deve lopmen t  
(1 ,0 0 0  Ac r e-Fe e t)
Basin and Subbasin
Water  Suppl i es Wate r  De p l e t i o n s
Tot a|
Basi n 
O u t f l owMa1 Ivo Ex po r t s Impo r t s Ava i l ab l e I r r i g at i on
Stream 
El e c t r i c
M& I and 
Rural 
Domest i c To ta l  M&I Other
M issou r i  Ri ver
Nort h  P l a t t e  R i ver 505 2 2 0 403 96 0 1 1 1 90 30 5
South P I a t t e  R i ver 1,441 0 450 1,099 1,259 19 2 00 227 41 I ,527 372
Kansas R i ver 1 2 1 0 0 1 2 1 37 0 3 3 0 40 73
Bas in Tota l 2,067 0 4.56 2,503 1,392 19 2 1 2 231 50 1 ,673 030
Arkansas R ive r 004 0 101 905 024 1 2 54 66 23 91 3 72
Rio  Grande R ive r 1,646 0 3 1 ,649 717 0 4 4 679 I ,400 249
Colo rado R iv e r
Green R i ver 2 , 2 1 2 0 0 2 , 2  1 2 93 14 0 2 2 7 1 2 2 2,090
Upeo r  MaInstem 6,2 52 5:>4 0 5,5 70 919 0 29 29 25 9 73 4,605
San Juan-Col orado 1,665 116 116 1,715 1 00 0 6 6 2 188 1,527
Bas in To ta l 10,129 62 4 0 9,505 1,192 14 43 57 34 1,203 0 , 2 22’
S t a te Summary 1-1,726 624 540 14,642
4,125 45 313 350 706 5,269 9,373
Whether water is available from Colorado's interstate
streams also depends on legal arrangements with other states.
Colorado has nine Interstate compacts which, together with court
decrees Interpreting them, provide legal protection for a level
of water supply 1n the several rivers originating In the
3
state. Although the compacts guarantee Colorado a share of
water from each major river, they also limit the amount of water 
that may be used, assuring downstream users 1n other states a 
portion of the supply. Colorado enjoys the advantage of an
upstream location, but 1t may not use water beyond the quantities 
allowed in compacts.
Significant amounts of unappropriated water are available 1n 
only two rivers, once compacts are considered. The Arkansas River 
and the Rio Grande are used to the limits of Colorado’s compact 
apportionments. In addition, Colorado usage of the waters of the 
Republican, the Laramie, and the North Platte Rivers is 
approaching compact limits. Significant unused capacity remains, 
however, in the Colorado and the South Platte Rivers. About 
265,000 acre-feet is available annually in the South Platte. 
Although the present use statistics on the Colorado River system 
are notoriously unreliable, approximately a million acre-feet is 
available for development within the state.
The largely undeveloped nontributary groundwater resource in 
Colorado can be extremely important 1n satisfying future water 
needs. Deposits of nontributary groundwater are scattered
6
throughout the state. Figure 1 is a map showing the location of
the principal nontributary aquifers and their approximate size in 
4
acre-feet. The actual amounts of water that are economically 
recoverable, given the great depths at which some aquifers occur, 
are far less than the amount of water they hold. The aquifers 
about which the most is known and on which the most development is 
occurring are in the Denver Basin. About 104 million acre-feet
are probably recoverable from them. 
PROJECTED DEMANDS
Most of the population growth projected over the next 
several decades will occur in the front range corridor -- the 
area from Fort Collins on the north to Pueblo on the south. The 
South Platte drainage where much growth will occur, now has 
nearly 70 percent of the population but produces only about 15 
percent of the surface water supply in the state. It is 
generally assumed that the demand for municipal water -- treated 
water used for domestic purposes in municipalities -- increases 
in direct proportion to the population growth in municipalities. 
It is necessary to examine both the assumptions about population 
growth and about per capita water use, however, as incorrect 
assumptions can be compounded when the figures are multiplied.
Industrial uses are minute compared to municipal uses: about 
four percent of the total of municipal treated water withdrawn 
but less than one percent of total consumption. Increases in 
demand will be relatively insignificant.
-  7 -
OFFICE OF THE S T A T E  ENGINEER
Location map of Colorado showing the approximate boundaries 
of known or inferred non-tributary aquifers/aquifer units. 
Figures represent estimated quantity of total ground water 
storage in millions of acre-feet. Designated ground water 
basins are outlined by dashed lines.
The metropolitan area surrounding Denver and the cities of 
Colorado Springs and Aurora are aggressively seeking new sources 
of water supplies. Colorado Is 1n the midst of an active debate 
over the best alternatives for meeting the Denver metropolitan 
area's water needs over the next fifty years. To this end, the 
U.S. Army Corps of Engineers is preparing a $26 million
Metropolitan Denver Water Supply Systemwide Environmental Impact 
Statement (SEIS) which is being paid for by the Denver Water 
Department and forty-four other water suppliers In the 
metropolitan area. It Is more a planning device than the usual 
environmental Impact statement. The SEIS analyzes a range of 
possibilities for meeting a projected need, Including a number of 
new or enlarged storage facilities, nonstructural solutions such 
as major water exchanges, and conservation measures.
The Corps estimates that water demand In the metropolitan
5
area will increase by 104,000 acre-feet a year by 2000. The 
calculation Is made as follows:
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Table 2.
Unmet Water Demand. 2000 Acre-feet
Unconstrained Demand (i.e., present
per capita use rate x projected population) 515,000
Less: Safe Yield of Area Water Suppliers 467.000
Net Unconstrained Water Demand 48,000
Plus: Conveyance and Distribution Losses
(6% of conveyance; 6% distribution) 53.000
Total 104,000
It now appears that the population projections used by the 
Corps were based on a continuing growth rate that was present a 
few years ago but which has since declined.6 Rather than 
attempt to substitute other predictions for those of the Corps, I 
simply note that using the Corps figures leads to prematurely 
high demand projections.
The unmet demand figure 1s further skewed by assuming that 
per capita demand will remain constant. The Corps estimates that 
aggressive conservation efforts could reduce demand by 43,500 
acre-feet a year by 2000. Leak detection could increase supplies 
by another 16,900 acre-feet.7 Thus, the adjusted figure for 
unmet water demand should be 43,600 acre-feet (104,000 - (43,500 
+ 16,900) = 43,600). Further Improvements In conveyance and 
distribution could greatly reduce the unmet demand figure 
Inasmuch as nearly all of It (36,100 acre-feet) Is caused by 
conveyance and distribution losses.
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There Is some evidence that water demand could be reduced
even more through greater conservation, particularly 1n lawn­
watering. A study done for the Department of Natural Resources 
showed that as much as half of all municipal water consumption In 
Colorado could be eliminated through conservation measures that 
do not result In significant changes In Individual lifestyles or
deterring settlement by newcomers.8 Fifty-one percent of 
municipal water withdrawals Is used for watering lawns. 
Significantly, however, almost 94 percent of total consumption of 
water Is for that purpose. Most of the municipal water used 
Indoors Is returned as treated sewage, but nearly all water used 
for lawnwatering 1s lost through evaporation, evapotranspiration, 
or by becoming Irretrievable. Because lawnwatering uses so much 
water, It 1s an easy target for conservation. The study done for 
the Department estimated that there could be a 25 percent 
reduction In municipal water use without an appreciable reduction 
1n amenity values. Furthermore, another 25 percent reduction 
would be possible with only minor amenity Impacts. In 1978 1t 
was shown that the application of treated water to lawns In Fort 
Collins could be reduced 44 percent without Interfering with 
basic plant requirements.
Notwithstanding the fruitful opportunities for satisfying 
future municipal water demand primarily through reductions In 
lawnwatering, there are and will continue to be demands for 
increasing municipal water supplies and resistance to reducing
11
usage. Thus, the Corps figures from the SEIS are used here for 
projecting metropolitan area demand to the year 2000. Although 
population growth Is expected throughout the state, the most 
significant growth In terms of new demands for municipal water 
consumption outside the Denver metropolitan area will be In the 
Arkansas drainage, primarily in the Colorado Springs area. The 
Water Study projected Increased statewide demand in that area by 
2000 of 24,247 acre-feet. Of that amount, 9,189 acre-feet (of 
22,972 acre-feet withdrawn) 1s projected to be the municipal 
consumptive use in the Arkansas River region. The figures do not 
anticipate any conservation efforts.
Agriculture
It Is safe to predict that there will be no significant 
demand for Increased agricultural water use in the foreseeable 
future. The agricultural industry is suffering severe setbacks 
because of reduced demand and sagging prices for its products. 
At the same time there is water available for expanded 
agricultural water use 1n some places. Several water projects 
Including Dallas Creek, Dolores, and Blue Mesa have water 
available for new or Improved agricultural pursuits totalling 
some 90,000 acre-feet. Water from such projects Is generally too 
expensive for many farmers in their vicinity, as the Bureau of 
Reclamation requires repayment of operation and maintenance costs.
Although there 1s no reason to expect agricultural 
expansion, many farmers would benefit from greater reliability of
12
water supplies and, 1n some locations, greater quantities of 
water. Both could Increase yields and perhaps profitability. 
There Is, however, an Insufficient profit margin to support major 
water project development for agricultural purposes. This Is, of 
course, not a new phenomenon. Very few large water projects 
could have been built 1f they had to be supported by revenues 
from agriculture. There has been a long tradition of public 
subsidy through direct Investment and favorable financing for 
water development for agriculture. Revenues from hydroelectric 
power and municipal sales have typically supported repayment of 
the costs of federally-financed projects. Although some 
subsidies will continue, federal participation 1n financing water 
projects in the West has been sharply curtailed. It was the 
federal government that built most of the major storage 
facilities throughout the West and without its support few large 
new projects will be built to serve agriculture.
The opportunities for further major water developments are 
limited not only by a federal unwillingness to pay for them. Most 
of the attractive storage sites are already used or are unaccept­
able to a public Increasingly concerned about environmental 
protection. Private or state and local public financing Is made 
less likely by the fact that nearly all the major unbuilt 
agricultural projects that have been conceived in Colorado have a 
negative benefit-cost ratio.
13 -
Colorado could benefit from some small storage projects to
deal with particular local conditions that deprive farmers of
fuller beneficial use of water by assuring water availability In
dry years. Decisions to build these projects with public funds
reflect policy choices to subsidize agriculture more than they
reflect economic considerations. In addition, repairs and
rehabilitation are needed on hundreds of dams throughout the
state. Colorado 1s losing the benefits of 244,000 acre-feet of
storage 1n dams due to safety restrictions that require they not
be operated at their full capacity.9
Colorado has been losing good agricultural acreage to other 
uses, especially 1n the front range area (exclusive of Weld
County). Farmers with adequate supplies of Inexpensive water 
find It more profitable to sell out than to farm the land.
Between 1959 and 1978 a million acres of farmland and 400,000
acre-feet of cropland went out of agricultural production. Lower 
quality acreage Is unlikely to stay 1n production particularly If 
It needs additional water. Indeed the western slope (about 
one-third of the state), which produces about eight percent of 
the state's agricultural sales, saw a 15 percent decline In
Irrigated acreage from 1959-1978. Yet Weld County, with 30 
percent of the state's agricultural sales, has added acreage to 
irrigation.
There Is a possibility that agricultural demand for water In 
Colorado (and in the West generally) could decline. Not only Is
14
the amount of land In cultivation declining, but with water being 
attracted to higher-valued uses such as municipal supply, there 
is an incentive for farmers to use water more efficiently. Water 
not truly needed for agricultural uses can be sold to others 
without a reduction in farm production.
Irrigators, especially those with senior rights, have 
typically applied water in excess of crop needs. They also have 
allowed water to be wasted in inefficient delivery and storage 
facilities. Water diverted for "beneficial uses" in irrigation 
is consumed by evaporation from open ditches, canals, and 
reservoirs and from marshy areas caused by runoff of unused 
water. It is also consumed by evapotranspiration by trees and 
other non-crop plants that grow wild near unlined ditches, and 
some is lost as seepage to non-recoverable groundwater. Salvage 
of wasted water often costs more than agricultural water is 
worth. But as values move higher, salvage becomes a realistic 
means of making more water available for other uses.
Unfortunately, research efforts have not yet shown how much 
agricultural water could be saved through conservation and what 
it would cost. Ninety percent of Colorado's water is used for 
agriculture. It is clear that agricultural use results in 
waste. Consequently, there should be great opportunities for 
finding vast supplies of water through increased agricultural 
efficiency. As growing municipalities look to agriculture, they 
should find a source of new supplies through reductions in
15
Irrigation consumption made possible by financing greater 
Irrigation efficiency.
Energy-related Uses
Energy development 1n Colorado could require large amounts 
of water. In 1981, when massive growth in the energy Industry 
seemed likely, the Department of Natural Resources predicted a 
"medium" range of energy-related water demand of 129,750 to 
192,728 acre-feet of annual water consumption. Serious setbacks 
1n the energy Industry and reduced consumer demand make the 
medium figures unrealistically high. Indeed, those figures are 
more than double the predictions that would appear realistic in 
1985.
The need for water 1n electric generation is primarily for 
cooling. Increased demands for water related to steam-electric 
power plants using fossil fuels could be 20,000 to 40,000 
acre-feet 1n the Platte River Basin, 16,500 to 33,500 acre-feet 
1n the Arkansas drainage, and 4,886 to 9,882 acre-feet in the 
northwest region by the year 2000. These figures anticipate no 
Improved energy conservation practices and continued population 
Increases at rates predicted by power companies In the late 
1970's. We now know that conservation measures have sharply 
reduced energy demands. The rate of population growth has peaked 
and 1s on the decline. Thus, a total demand figure of 45,000 
acre-feet, which Is near the low end of the 1981 projections, can 
be used comfortably.
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0il shale retorting for an industry producing 450,000 
acre-feet a year consume could use 51,300 to 72,000 acre-feet of 
water a year, based on medium range predictions. Since those 
estimates were developed, it has become apparent that growth of 
the oil shale industry will be slower and its ultimate size will 
remain smaller than seemed likely in 1981 for many years. Nearly 
all plans for major oil shale production have been shelved by 
companies that invested in technology development. The technology 
itself has not developed as quickly or as successfully as hoped. 
The Synthetic Fuels Corporation has virtually withdrawn from all 
but the Union Oil Phase I project, and that project will have a 
capacity of 50,000 barrels a day. If we assume that two such 
plants will be in production by the year 2000 (a prediction that 
seems optimistic today), the estimates of water consumption will 
range between 11,400 and 16,000 (an average of 13,700) acre-feet 
a year by 2000. Obviously, a radical change in oil prices caused 
by a blockade of Middle East oil could change these assumptions, 
but the downward trend in oil prices and the shift to reliance on 
domestic and non-Middle East sources makes this prospect less 
threatening. Thus, the medium range figures for limited oil shale 
production are probably the highest figures it is reasonable to 
use in making water demand projections.
Proposals for a coal slurry pipeline from Colorado to Texas 
have not come to maturity. Colorado's fine coal resource could 
readily feed an easy and inexpensive transportation vehicle.
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Although there are no viable plans for slurry pipelines It Is 
conceivable that one could be constructed by the year 2000. A 
high level of production with a medium consumption of water used 
per plant would demand 15,400 acre-feet a year.
Coal gasification and liquefaction, If developed In
Colorado, could demand up to 21,700 acre-feet of water a year. 
There are no current plans or even preliminary Investigations for 
coal conversion plants. Increased demands for energy resources 
and Investments In synthetic fuels development could abruptly 
change the plans of energy producers, however. Although In 1981 
1t seemed prudent to project some development In this field, the 
possibility of any demand for water related to such projects Is 
remote. Furthermore, it Is unlikely that both a coal gasification/ 
liquefaction Industry and a coal slurry line will be developed In 
Colorado In the next 15 years. Including an estimate for demand 
from one or the other should adequately recognize the possibility 
that the coal Industry may require new water supplies.
The 1981 medium range projections for Colorado's energy- 
related water uses 1n the year 2000 seem very high. All things 
considered, 1t would be surprising If the Increases In actual 
demand for water from energy-related uses by 2000 exceed the 
estimates above, which total 74,100 acre-feet.
Other Consumptive Uses
The United States has large claims for reserved water rights 
now pending before the state's water courts. They are mostly for
-  18
non-consumptive uses -- primarily Instream flows. Such uses 
could affect the timing and place of diversions for non-federal 
consumptive uses. Federal claims to rights for consumptive uses 
are generally overinflated and it seems unnecessarily conservative 
to accept the government's figures for reserved rights claims in 
projecting actual water use. The largest consumptive use claims 
are for oil shale on public lands and for Indian use to develop 
agriculture and energy resources on tribal lands.
Evidence available to the state shows that if the quantities 
of water awarded to the Southern Ute Tribe and the Ute Mountain 
Ute Tribe, in an adjudication of their reserved rights claims 
were based on the amounts of practicably irrigable acreage10 
on the reservations, those quantities would be far below the 
present claims. If, however, the Indians were granted an 
additional quantity of water necessary for development of coal, 
it could substantially increase demands. In fact, any appreciable 
increase in Indian agricultural or energy development usage by the 
year 2000 is virtually impossible because of the time it will take 
to adjudicate their claims and build the necessary facilities to 
transport and utilize any entitlement they would secure. Further­
more, pending negotiations could result in satisfaction of the 
Indian demand through development of the Animas-La Plata Project 
and some other facilities that could take until after the turn of 
the century to complete.
19
Whether or not Animas-La Plata is built, the two Colorado 
Indian tribes may seek markets for any water to which they are 
entitled. Sale of water may be more profitable than trying to 
develop marginally productive farmlands or pursuing coal 
development at a time when the industry is in doldrums. If water 
sales are made within Colorado, there may not be any Increase in 
demand. The water would be sold to those who now take it under 
rights junior to the tribes. If, however, the tribes seek to and 
are legally permitted to sell additional water across state lines, 
1t could result in a depletion of Colorado's supply. Because of 
the several possibilities for consuming new water under an 
adjudicated or negotiated resolution of Indian reserved rights 
claims, and not based on the engineering studies or legal 
theories being developed by the state, I include an estimate of 
30,000 acre-feet of new Indian demand as the maximum that could 
be used or sold by 2000.
Federal claims for consumptive uses other than on behalf of 
the Indian tribes are primarily for oil shale. The claims not 
only are legally flawed but, even if successful, the prospects of 
their resulting in any actual use of water in the foreseeable 
future are almost nil. Thus I am including no demand figures to 
reflect federal reserved rights for consumptive uses.
Assertion of Compact Rights
A popular misconception In Colorado is that building large 
water storage projects, even if before there is a reasonably
-  20 -
foreseeable use for them, will "protect" our apportionments of 
water under Interstate compacts. The argument Is applied
principally to the great surpluses of water to which Colorado 1s 
entitled from the Colorado River. If the argument were correct. 
It would cost billions of dollars to retain water for no economic 
use. It would be consumed only by evaporation, even as
downstream states, such as Arizona and California, were short of 
water for present beneficial uses.
The Colorado River Compact11 anticipated that Colorado and
other upper basin states would develop needs for water later than
12the faster-developing lower basin states like California. The 
foresight of negotiators produced a legal guarantee that a share 
of the water could be used In Colorado If and when It Is needed. 
In the meantime, however, the upper basin states are bound by the 
compact to release the water so long as the lower basin states 
have present beneficial uses for It and the upper basin states do 
not.13 Thus, additional upper basin storage facilities without 
present upper basin beneficial uses would be operated essentially 
for the benefit of the lower basin. Some construction of storage 
facilities In anticipation of future needs may nevertheless be 
justified.14 Colorado probably has already enough reservoirs 
on the Colorado River system for that purpose. Four large 
Colorado reservoirs now hold Colorado River water that Is used 
for some recreation use and hydroelectric generation, but the
21
only present consumptive use is evaporation, which takes almost
1517,000 acre-feet a year.
Colorado is understandably concerned about lower basin 
economies being built on water to which it is legally entitled. 
Equities may become so great in favor of the lower basin states 
that the water cannot be reclaimed later when needs arise in 
Colorado. But hoarding water in expensive reservoirs that
destroy canyons and wild rivers does not give Colorado any 
greater security. At some point, it could tempt a legal 
challenge to the right of the upper basin to withhold water for 
no beneficial use. Enough has already been Invested in Colorado 
River dams in the name of undefined future needs. Because it is 
unwise and legally ineffective to build reservoirs solely in the 
name of "compact protection," I include no estimate in the demand 
projections for 2000 for increases in evaporative losses that 
would occur if more reservoirs were built for that purpose.
The greatest protection for Colorado's future water needs 
lies in the enforceability of compacts. It is extremely 
Important to the Upper Colorado River Basin states that legal 
rights under the compact be respected by all basin states. This 
argues for direct involvement of Colorado in Interstate compact 
matters and insistence on strict observance of the compact as 
various Issues arise. The enforceability of the compact seems 
secure so far. Arizona is now reclaiming its share of compact 
waters, which has been used for several years by California.
22
Although California has built lucrative economies on the borrowed 
water and Is struggling to find replacement sources, it Is 
reconciled to the legal requirement that It stop using the water.
Colorado and the other upper basin states may be offered 
compensation from lower basin states to refrain from using their 
full compact apportionments. Although the lower basin states may 
now use surplus water from the upper basin states without 
compensation, they may be willing to pay for the assurance that 
the supply will continue. Thus they might compensate the upper 
basin for not increasing consumptive uses for a period of years. 
Interstate Sales
Water available for appropriation In Colorado could be 
committed to users in other states through Interstate market 
transactions. The prospects are most likely 1n the Colorado 
River system. The agreement of another state to pay for water 
apportioned to Colorado would be tacit recognition of the 
enforceability of the compact apportionment. Colorado state law 
allows water exports to be made where consistent with compact 
arrangements and if other conditions are satisfied.16
Interstate water transactions can raise legal and political 
problems. When waters are secured by the state under compact for 
Its future welfare, the state has a genuine interest in how they 
are used. Yet under the Colorado export statute, the state need 
not be a party to interstate transactions. As was evident In 
last year's Galloway Group proposal to see Colorado water to San
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Diego, a private interstate transaction could aggravate 
relationships among states. That could in turn threaten the 
security of compacts. The relationship among the Colorado River 
Basin states rests on a delicate and carefully-crafted 
foundation. Basin states may look unfavorably upon and legally 
challenge transactions unless they would result in substantial 
mutual gains. Legal challenges by states displeased with the 
transaction could weaken interstate relations and lead to 
unfavorable interpretations and alterations of the compact.
Colorado conceivably could agree to allow a portion of its 
water to be used in another state. If such an arrangement were 
found to be beneficial to the state it would mean foregoing 
consumption in Colorado for the term of the arrangement. 
Although such uses are consumptive, the demand for them need not 
conflict with demands in the state. Proper state involvement and 
planning can ensure that water is riot committed for out-of-state 
uses that will be needed for uses in Colorado.
Non-consumptive Demands
Recreation and tourism in Colorado is increasing 
dramatically. In turn, it creates the fastest growing need for 
water, mostly for water to remain in streams. Colorado is, of 
course, a leader in hunting and fishing, with its abundant and 
high quality resources drawing sportsmen from throughout the 
nation. Skiing and other outdoor sports are also major draws. 
In 1981 the industry produced $1.7 billion and accounted for the
24
direct employment of 59,093 people. Only four years later the 
industry is producing $4 billion and employing over 100,000 
people.17 Although some water is consumed by tourism and 
recreation, most water needed to support the industry is used in 
the stream. Outdoor recreation undoubtedly draws most of 
Colorado's tourists. Significant decreases in instream flows or 
the recreational opportunities associated with lakes and
reservoirs would be felt throughout the tourist industry. 
Instream flows preserve fish and wildlife, perpetuate the beauty 
of flowing streams, and maintain the natural splendor of the 
state's environment which, after all, is the basis for the 
industry.
The amenities that make Colorado extraordinary, rushing
trout streams, rivers with crashing rapids, and undeveloped
wilderness with ribbons of free flowing waters, demand that water
be left in our streams. Colorado law allows the Colorado Water
Conservation Board to appropriate water to maintain minimum
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instream flows and lake levels.  The legislature recognized 
the importance of minimum flows and lake levels to preserving 
fish and wildlife resources and the recreational uses of streams 
and lakes. More than 4,000 miles of stream and 400 lakes have 
been protected under the law.
In some places the integrity of streams is threatened by 
decrees for water storage and depletion that are senior to 
instream flow appropriations. Senior holders of rights may be
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willing to sell them but acquisition of senior rights for 
Instream flows Is frustrated by a lack of funds. Furthermore, 
public and quasi-public entities (e.g., districts or cities) who 
hold the rights may resist selling their rights because they are 
insulated from market forces. On the other hand, private owners 
may convey rights in excess of needs in a bargain sale or as a 
donation for tax advantages. Pittsburg and Midway Coal is now 
negotiating such a transfer of instream flow rights to the state 
through The Nature Conservancy.
HOW CAN WE MEET COLORADO'S FUTURE WATER NEEDS?
The challenge of the nineties and beyond is to respond to 
changing water needs. First, water demands of a growing front 
range population must be satisfied. Those demands must be met by 
a combination of more judicious use of existing supplies and 
development of new municipal supplies. Second, energy-related 
needs could burgeon in the next decade. They would arise largely 
on the water-rich western slope and be supported by sufficient 
capital to pay for development and mitigation costs. Finally, 
Instream flows are required to meet the increasing needs of a 
thriving Industry built on tourism and recreation, and to respond 
to the desire of most Coloradans for live rivers and lakes and 
for protection of the natural environment. The common thread in 
satisfying these high-priority demands is an emphasis on better 
management of existing water resources. "Water requirements" can 
be met by efforts in four areas: capital formation, technology,
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Institutional change, and public education and understanding. 
Capital Formation
The need for public funding of water projects will continue 
but it Is and will be different in both kind and amount than in 
years past. The focus of federal funding, has traditionally been 
on large storage projects. For the reasons explained earlier, 
that is not likely to continue. Indeed, it has virtually 
ceased. States and local governments will have the burden of 
raising much of the public capital for future water projects. 
The most efficacious public investment will be for repair and 
rehabilitation of existing facilities, for construction of small, 
localized projects for storage and distribution, and for projects 
that increase the efficiency of water use. The Colorado Water 
Conservation Board has loaned money at favorable rates for such 
purposes, but has very limited capital to continue its activities.
Repair and rehabilitation of old facilities is an 
appropriate public expense where the facilities were constructed 
with public money. Spending for these purposes may also be a 
lower cost alternative to expensive projects that were promised 
by the federal government at a time when both the future demands 
for water consumption and the availability of capital seemed 
greater.
Small projects are a way of helping a sagging agricultural 
economy to remain viable. Failures In agriculture are inevitable. 
But the long range survival of some farmers may be secured by
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Improvements In water supply that are now beyond their economic 
reach. If the public believes that agriculture is sufficiently 
important to society and to a future economy, investments in 
small agricultural projects will be made. Similarly the public 
may see fit to subsidize municipalities that lack the financial 
ability to construct adequate water systems for public health and 
safety.
Conservation investments can develop large amounts of water. 
The opportunities for saving water in agriculture are tremendous. 
There are insufficient data on how much investment it would take 
to save particular quantities of irrigation water. Saving water 
will cost progressively more, as the least expensive projects 
will be undertaken first. More information is needed to determine
the most cost-effective agricultural conservation measures so
that sound Investment decisions can be made and so that the
amount of water available from efficiency measures can be
estimated.
Savings in municipal use are possible with relatively 
limited investment. Expenditures needed for water conservation 
benefit both individual users and society. Many of the 
Investments needed to save domestic water are individual 
expenditures for plumbing devices. New landscape techniques such 
as the use of decorative rock and low water demand plants may 
also necessitate private investments. Larger public or private
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expenditures are required for metering, such as In the notorious 
Denver water system which Includes 88,000 unmetered homes.
Water suppliers may find It In their Interest to provide the 
capital needed to enable individuals to conserve water. Electric 
utility companies regularly Invest in measures that allow 
consumers to conserve electrical energy such as home insulation 
and energy efficient appliances. This is done through loans and 
direct payments to consumers. The utilities have discovered that 
the cost of reducing demand can be lower than the marginal 
capital Investment needed to satisfy additional demand. The same 
principles could be applied to domestic water conservation.
Municipalities that need to develop additional water have a 
choice of pursuing undeveloped rights, buying out farmers and 
retiring the farmland, or paying for agricultural water 
conservation efforts and utilizing the water saved. Conservation 
measures such as lining ditches, laser leveling fields, Installing 
drip irrigation systems, and a variety of other measures is often 
too expensive for farmers. However, third party financing of 
water conservation efforts provides an interesting possibility of 
attracting capital investment to support conservation. To the 
extent that private Investment Is unavailable, public investment 
may be appropriate. The public enjoys benefits by avoiding 
costly investments in traditional water development projects and 
by protecting environmental resources.
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Most of the large water projects that Colorado needs in the 
future should be built with private funds from the revenues of 
the projects themselves. These projects will mostly be for 
municipal and industrial purposes and should be able to pay their 
way in terms of capital costs, operation and maintenance, and 
compensation for costs and damages to society such as fish and 
wildlife mitigation. Public subsidies for such projects will 
only lead to wasteful and unnecessary expenditures. The only 
large project likely to be supported by public investment is the 
Animas-La Plata Project. The project will cost well over $600 
million and it appears that the costs will be borne mostly by the 
federal government, with a significant non-federal contribution. 
The federal portion will be repaid by sales of hydroelectric power 
from the dams in the Upper Colorado River Basin. Substantial 
public investment is justified because the project will resolve 
national treaty obligations to the two Indian tribes.
Large public investments have been made in recent years for 
salinity control efforts in the Colorado River Basin. The United 
States government foots most of the bill, with a share of the 
cost coming from the Upper Colorado River Basin Fund, the source 
of which is power revenues from upper basin power generation 
facilities. It is reasonable to expect the federal government to 
limit its investment in salinity control projects at some point. 
Congress and the Executive Branch are beginning to examine 
salinity control projects in terms of the economic benefits that
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are returned. The most beneficial salinity control projects have 
already been built or are under construction. Thus, the Colorado 
River Basin states must search for other salinity control 
measures. If it becomes necessary to construct other capital 
intensive projects, the lower basin states, as the primary 
beneficiaries of further reductions in salinity, should pay the 
costs of salinity control. It seems unsound as a policy or legal 
matter to require the state of Colorado to pay for such projects. 
Technology
If Colorado and other western states are to succeed in 
meeting future water needs through better water resource 
management, additional research and improvements in technology 
are necessary. How much water can be saved through agricultural 
conservation? How much actually returns to the stream and is not 
truly "wasted?" At what point are investments in conservation no 
longer marginally efficient?
Many new methods have been developed for saving water; much 
more could be done. Irrigation systems can be improved further. 
Drought-resistent and salt-resistent crops are only beginning to 
be adopted by farmers. More crop research is needed.
Groundwater recharge can extend aquifer life and utilize 
natural storage. Little is known about the efficacy of recharge 
in Colorado. Although it is unlikely that the front range area 
could operate the kind of vast network of underground reservoirs
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that the Los Angeles Basin does, there are surely prospects for 
extending supplies through groundwater recharge.
Institutional Change
The single greatest obstacle to making full beneficial uses
of Colorado's water, consistent with contemporary values and
desires, Is the existence of Institutions that resist or do not
promote socially-beneficial decisions and coordinated planning.
Specific problems Include a burdensome and costly system of water
courts to allocate and administer water rights, a lack of
mechanisms or incentives for coopration among water users,
political disincentives against raising municipal rates to levels
needed to promote conservation, legal Impediments to the
operation of a market 1n water, a level of private control of
water development for use within and outside the state that
assumes no statewide Interest in coordinating use of water
resources, and a nontributary groundwater law that frustrates
conjunctive management. All of these problems need to be
addressed.19 In addition new ways need to be found to make 
water from federal projects more accessible to perspective 
beneficial users. Existing constraints on transfers leave water
stored In federal projects while it could be used 1n economic 
enterprises.
Everyone gains when the water rights administration system 
adopts Innovative water techniques for stretching water use. For 
Instance, the use of augmentation plans has enabled the
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conjunctive use of surface and groundwater and the achievement of 
maximum utilization of water resources from heavily appropriated 
streams. Thus, many development needs and agricultural uses have 
been accommodated. Transfers and exchanges of rights also have 
made the appropriation system fit society's needs. Water has 
moved to higher-valued uses. Transfers are, however, Inhibited 
by transaction costs Imposed by the water court system. 
Cooperation among water users and basinwide management of 
resources Is beginning to find acceptance, and to replace 
dog-eat-dog competition, particularly In the lower South Platte 
area. Greater effort needs to be made to seek opportunities for 
basinwide management throughout the state to optimize use of 
resources. A statewide commitment to cooperation that Included 
state government planning assistance to basin Interests and 
simplification of judicial procedures would aid such efforts.
Although Colorado considers Its water rights subject to a 
market system, there are problems of market failure. The most 
formidable obstacle to a smooth market operation In water rights 
Is the water court system. As already mentioned, transfers and 
exchanges of water rights are often made so expensive that they 
are thwarted. The water court system gives virtually anyone In 
the watershed the ability to object to changes and transfers, 
setting In motion an expensive and cumbersome adversary process, 
with all parties represented by lawyers and engineers.
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Where transbasin marketing of water is involved, 
considerations of basin equity are raised. Under what 
circumstances is it appropriate to dewater one watershed for the 
benefit of another? Should the watershed of origin be 
compensated? Only holders of water rights are legally entitled 
to compensation under the present system, although conservancy 
districts are required to build compensatory storage projects. 
Such compensatory storage projects are usually wasteful in that 
they do not necessarily respond to a particular need or to 
foreseeable uses for the water to be stored.
There Is a lack of mechanisms for balancing genuine needs 
for water development against one another and against uses and 
needs for water flowing in streams. If the market system 
operated as 1t should, there would be little threat of such 
development so long as there is low actual demands for water. 
But considerable water development and huge Investments have 
occurred at times and in places where greater water supplies were 
not truly needed. In addition, water rights holders can maintain 
unused rights almost indefinitely through token investments in 
"due diligence" work. This causes streams to be plagued by 
uncertainty. Besides raising doubts about the security of 
Instream flows, the uncertainty may cause other water developers 
to retreat from new investments because of the spector of senior 
conditional rights being developed. Most large holders of water 
rights are public or quasi-public entities (districts, cities,
- 34
etc.). They have narrower Interests than the state and they are 
often not moved by profit. This leads to premature and 
unnecessary commitments of funds and water rights to water 
development.
The pricing of municipal water usually reflects only the 
cost of developing water rights and distributing water to homes. 
Some municipalities in Colorado regularly assess consumers for a 
pro rata fee for sewage treatment and flood control. Investment 
fees are often charged when new water taps are allowed. But 
water charges remain incredibly inexpensive. In most Colorado 
cities the charge for water is less than one-half of one percent 
of the average family income. This makes the most vital commodity 
to humankind so inexpensive that it is insignificant in family 
budgets. Until the significance is felt consumers will not 
measurably reduce their consumption to levels of actual need. 
Overwatering of lawns will continue and there will be no incentive 
to install water-saving plumbing devices. Water pricing is the 
most effective and fairest way to reduce unnecessary consumption 
of municipal water. Costs should reflect all expenses of 
producing and delivering water, including social costs (e.g., 
wildlife mitigation, costs thrust onto the watershed of origin), 
furthermore, they may need to be adjusted to provide additional 
incentives to reduce usage during peak seasons and to keep overall 
demand low. At present, political rewards lie not in reducing 
water demand but in finding ways to increase supply.
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Interstate markets will be proposed In the future. Additional
protections for the state's interests are needed in Colorado's
water export law. A private transaction leading to use of the
water in another state may not adequately reflect the interests
of the state. The state should be directly involved in planning
and carrying out Interstate water marketing so that it can
represent the public Interest in conserving the resource,
protecting against drought, and equitably distributing the
resource. Although it is unconstitutional for a state to
discriminate against interstate commerce in water, non-
discriminatory laws regulating both Interstate and Intrastate
water use are permissible.20 Thus if the state Imposed
restrictions or exacted a water export fee to compensate for the
effects of an interstate export, it would have to be consistent
with similar restriction fees imposed on intrastate exports in
order for it to be constitutional.
The present law concerning nontributary groundwater Inhibits
conjunctive management of that non-renewable resource with the
use of renewable surface water sources.21 Ideally, the 
institutions for allocating groundwater should facilitate 
integrated use of the two resources. The present law giving 
landowners the right to control the resource provides Incentives 
for rapid development and depletion of nontributary groundwater 
to levels where it becomes economically more attractive to turn 
to surface sources. Only the earliest pumpers have an
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economically usable resource. It is difficult to bring together 
the many overlying landowners to negotiate an agreement for sound 
long-term management together with surface water. Plainly, It is 
In the Interest of some landowners to rely solely on groundwater, 
and to avoid cooperation or investment in a system that develops 
surface sources while conserving groundwater for emergency or 
peak load purposes. This frustrates sound planning for the 
development and financing of needed surface sources In growing 
urban areas, particularly in the Denver Basin. And It saps a 
public resource that could be used to cushion the fluctuations In 
natural surface supplies.
Reforms in our Institutions and laws relating to allocation
and distribution of water should be discussed because they are
not keeping pace with public opinion. If there Is not a sufficient
legislative response, the courts may well enter the fray. Already
Colorado courts have begun Interpreting the concept of "beneficial
use" to include considerations of efficiency.2 They have also
recognized that the State engineer may make rules and regulations
that must account for a range of public concerns.23 In 
California, the state supreme court has ruled that public 
agencies cannot authorize the appropriation of water that will 
interfere with the state's "natural heritage" (i.e., lower the 
level of a lake to the point that marine life Is threatened)
because It would violate a public trust.24 The opportunities 
for thoughtful and balanced treatment are theoretically most
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readily available through the legislative process. If those 
opportunities are not seized, judicial Intervention 1s likely.
Public education and understanding. The public needs 
greater Involvement and sophistication to understand how to face 
Colorado's future water problems. It would be easy to achieve an 
understanding for a statewide water shortage that could be cured 
by building dams. People who have experienced drought can 
appreciate the Importance of constructing a reservoir to protect 
them against future droughts.
Colorado's water problems are more difficult to understand 
than drought, and their solutions are not as tangible as building 
dams. Indeed, solutions to Colorado's water issues require that 
some members of the public give up grand notions of big water 
projects that are too expensive to pay their own way, that 
degrade other resources (like canyons, fisheries and whitewater), 
and that are not truly needed. Yet funds are still needed for 
such lackluster enterprises as repairing old dams, lining 
irrigation ditches, and building some small facilities. And 
higher water prices can relieve the need for municipal water 
development.
There Is little political appeal in these messages. To make 
matters worse the public must be asked to invest their own money 
so that they can use less water, Even the most public spirited 
citizen will not relish spending money to retrofiit his or her 
home with low-flush toilets or to replace a bluegrass lawn with
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buffalo grass. In exchange for their bluegrass they may preserve 
a trout stream that they can leave to their grandchildren. If 
self-restraint is too much to ask, however, water must be priced 
high enough to discourage heavy usage and quell demand.
Building public understanding of Colorado water problems is 
a monumental task that is essential to dealing with Colorado's 
future water problems. Unless the public, including elected 
representatives, can accept new ways of looking at water issues, 
they will cling to old, now inaccurate assumptions. This will 
lead to investment of hundreds of millions of dollars in the 
wrong solutions, and in the destruction of some of our state's 
most vitally important assets to the detriment of important 
economic enterprises. Without a revolution in public opinion the
support needed to meet different capital needs, to further
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